Three green leafy vegetable samples of pumpkin leaves, spinach leaves, and sorrel leaves were collected from three different locations in a farm in Akwanga and were tested for the presence of organophosphorus (OP) compounds. The concentrations of all the pesticide residues in the vegetable samples were determined using gas chromatography with mass spectrometry (GC-MS). The organophosphorus pesticides detected include carbaryl (0.052 mg/kg) in pumpkin, this is below European maximum residues limit (EU MRL) of 0.1 mg/kg, Dimethoate was found in pumpkin (0.165 mg/kg), spinach (0.103 mg/kg) and sorrel (0.250 mg/kg) all above the EU MRL of 0.05 mg/kg. Dichlofenthion was detected in pumpkin (0.308 mg/kg), pirimiphos methyl was detected in pumpkin and spinach (0.428 mg/kg and 0.149 mg/kg respectively), all these were below the EU MRL of 0.5 mg/kg. Chlorpyrifos was found in spinach (0.230 mg/kg) and sorrel (0.192 mg/kg) only spinach was above the EU MRL of 0.2 mg/kg. The pesticide residue Bromophosethyl was detected in all vegetables, pumpkin leaves (0.501 mg/kg), sorrel (1.571 mg/kg) and spinach (7.981 mg/kg) all above the EU MRL of 0.5 mg/kg. The remaining pesticides detected were all below their EU MRL value; these are Ethion found in spinach (0.167 mg/kg), Methyl Parathion in spinach (0.103 mg/kg) and sorrel (0.335 mg/kg). The levels of some of the organophosphorus pesticide residues found in vegetables were above the maximum residue limits (MRLs) set by the European Union. This calls for laws to regulate the use and circulation of such chemicals. Based on the observation made in these studies,
Introduction
Organophosphate (OP) pesticides are a group of insecticides or nerve agent acting on the enzymes acetytyl cholinesterase. The term is used often to describe virtually all organic phosphorus containing compounds especially when dealing with neurotoxin compounds [1] . These insecticides are one of the most common classes of chemicals used for the control of insects on vegetables because of their high efficacy and broad spectrum of activity [2] . Organophosphorus residues are likely to occur in vegetables such as lettuce and cabbage. Because this organophosphorus is inappropriate and illegal use, this further increases the risk of human exposure, hence it is important to determine the levels of organophophorus residues in vegetable to protect human health [3] [4] [5] [6] . About 70% of insecticides used in the United States are organophosphate. Organophosphate pesticides degrade rapidly by hydrolysis on exposure to sunlight, air and soil, although small amount can be detected in food and drinking water. Their ability to degrade made them alternative pesticides to organochlorines pesticides. Although the organophosphorus degrades faster than organochlorides, they have greater acute toxicity posing risks to peoples who may be exposed to large amount [7] . Organophosphate of primary concern includes Azinophos-methyl, Chlorophyrifos, diclorvos, DDVP dimethoate, ethphone, Malathion. They are biodegradable and have a shorter persistence compared to organochlorine pesticides; this makes them the most widely used pesticides in the U.S. [8] . They are widely sprayed over crops or soils, causing residues to be found in surface and ground water, fruits, vegetables and in drinking water [9] . Therefore, the aim of this research is to determine the organophosphorus pesticide residues in vegetables and its environmental effects in Akwanga, Nasarawa State Nigeria and recommend safe and best practices in its application for the farmers in this locality.
Fruits and vegetables are important components of the human diet after cereals. They are widely used for culinary purposes. They are of great importance in the diet because of their presence of vitamins and mineral salts and offer advantages over dietary supplement [10] . A generous intake of fruits and vegetables still prevent various types of diseases and keep a person energetic and active all through life [11] . Humans are usually exposed to pesticides through ingestion of contaminated fruits and vegetables treated with pesticides during planting seasons and certain residues of pesticides could be deposited after the harvest of [12] . Thus in order to meet the demand of the world, it is essential to use the pesticides to protect the crops, both during growth and their subsequent storage and transport. However, the indiscriminate and injudicious uses of pesticides have resulted to widespread contamination in food and feed commodities [13] . The majority of the pesticide poisonings and deaths occur in the developing countries. This is due to the poor pesticide handling practices and use of more toxic pesticides by farmers of developing countries (like Nigeria). Farmers have enough understanding of acute pesticide poisoning but lack of awareness of the "chronic" effect of pesticide usage [14] .
Pesticides are widely used in fruit and vegetables because of their susceptibility to insect and diseases attack. Consequently, food safety is a major public concern worldwide. During the last decades, the increasing demand of food safety has stimulated research regarding the risk associated with consumption of fruits and vegetables, as they constitute major part of human diet contributing nutrients and vitamins [15] .
In general, food is the main exposure route because of food chain relationship that exists. Exposure to pesticide residues through the diet is assumed to be five orders of magnitude higher than other exposure routes, such as air and drinking water [16] . According to the World Health Organization [17] , food consumption consists on average of 30% (by mass) of fruit and vegetables, and fruit and vegetables are the most frequently consumed raw or semi-processed, it is expected that they contain higher pesticides residue levels compared to either processed food groups of plant origins, such as bread and other foodstuffs based on cereal processing [18] .
Given the potential risks of pesticides for public health, the use of pesticides in fruit and vegetable production is subjected to constant monitoring. About 10% -12% of total pesticides are used on fruits and vegetables crops. Their persistent use leads to build up of toxic residues on crop produce, which may exert adverse effect on human health in addition to disturbing the ecosystem. The problem is more serious in case of vegetables as these are often consumed either raw or without much processing or storage. Having global existence, organophosphorus insecticide residues have been re-ported from each and every environmental commodity such as water, vegetables, milk etc. [19] .
Methodology

The Study Area
Akwanga is one out of the 13 local Government Area in Nasarawa State, Nigeria and the major occupation here is farming with a total population of 113,430 [20] . It has a land area of 996 km 2 and it lies at latitude 8.9060N and longitude 
Collection of Vegetable Samples
At each sampling site, 20 g each of the three vegetables: pumpkin, spinach and sorrel were collected from three different locations in one farm to provide replicate samples of each crop. The vegetables samples were collected in to a clean polyethylene bag label and put in a cool box and transported to the laboratory stored in a refrigerator at 4˚C pending extraction.
Extraction of Vegetable Samples
The method of extraction used for the vegetables was USEPA method 3510 for extracting pesticides residues in non fatty crops, using ethyl acetate as the solvent. Sodium hydrogen carbonate (NaHCO 3 ) was used to neutralize any acid that may be present and the vegetables samples were washed thoroughly with distilled water. Twenty grams (20 g) of each sample was placed in a mortar and anhydrous sodium sulphate (Na 2 SO 4 ) was used to remove water from the sample matrix. The weighed sample in a mortar was grounded to a paste using a pestle.
The paste was transferred into a conical flask with the help of a spatula and 400 mL of ethyl acetate was added and shaken thoroughly. A 5 g portion of sodium hydrogen carbonate (NaHCO 3 ) was added to the mixture followed by 20 g of anhydrous sodium sulphate (Na 2 SO 4 ), the entire mixture was shaken vigorously for one hour. This process was to ensure that enough of the pesticide residues dissolved in the ethyl acetate. The procedure was repeated for the samples from each of the vegetables and the mixture was filtered into a labeled container before centrifuged at a speed of 1800 rpm for 5 minutes. The organic layer was decanted into a container and 1:1 mixture of 5 mL ethyl acetate and cyclohexane was added [21] .
Clean up of Vegetable Extracts
After centrifugation, the samples were cleaned up using dispersive solid-phase extraction (dSPE). One milliliter of the supernatant was transferred to a 15 ml PTFE tube to which 50 mg each of C 18 and PSA (primary and secondary amine sorbents) with 150 mg MgSO 4 was added and vortexed for 30seconds and then centrifuged for 1minute at 1500 rpm. The clear extract was then transferred to an auto sampler vial for GC-MS analysis.
Determination of Pesticide Residues
The Shimadzu GCMS (GC -17A) QP 2010 installed with a 35% diphenyl, 65% dimethylpolysiloxane column was used for the chromatographic separation. The with a final hold time of 12 minutes and a constant column flow rate of 1 ml/minute. The detection of the organophosphorus pesticides was performed using the GC-MS. Detection of pesticides was performed using the GC-ion trap MS with optional MSn mode. The scanning mode offer enhances selectivity over either full scan or selected ion monitoring (SIM). At the elution time of each pesticide using selected ion monitoring, the ratio of the intensity of matrix ions increase exponentially versus that of the pesticide ions as the concentration of the pesticide approach the detection limit, decrease the accuracy at lower levels.
The GC -ion trap MS was operated in MSn mode and perform tandem MS function by injecting ions into the ion trap and destabilizing matrix ions, isolating only the pesticide ions. The retention time, peak area and peak height of the sample were compared with those of the standards for quantification.
Data Handling
External calibration and recovery tests were performed. The residue results were the means from the three replicates of each treatment and all data were analyzed using simple descriptive statistics such as means, standard deviations, using
Anova Table: SPSS V-20.
Results and Discussion
The results of prevalence of organophosphorus pesticides residues in pumpkin, spinach and sorrel leaves studied are shown in Table 1 Table 1 . Mean concentration of organophosphorus pesticide residues in three green leafy vegetables. samples were analysed in triplicate, the range is displayed in brackets and BDL represents below detection limit. 
Conclusion
This study which focused on the three major vegetable leaves consumed in this area, identified that the concentrations of Dimethoate in pumpkin, spinach and sorrel leaves were above the European Union maximum residual limit of 0.05 mg/kg. This standard was used because most of the developing countries including Nigeria have no set-up standard of their own, for this, they depend on the European Union standard or guiding limit for their justification. The study focuses on only leaves, there is need for further research to be carried out to as- certain these residues in other parts of the plants particularly stem, root and even the soil to be able to make logical conclusion about the toxicity of these herbicides used in the area. The result also suggests there is need for proper education of farmers in this area as regard to monitoring the dosage use to avoid accumulation overtime which can be dangerous to human who consumed these.
We also suggest further work on the seasonal determination of these pesticides.
With these discovered, some of the organophosphorus pesticides are higher than the set standard, this could pose hazard to the local consumers and hinder trade, which in turn affect the economy activities of the locality.
